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Project Overview ) =

In the Energy Storage Program, we are developing electrical energy storage solutions to
develop a more efficient, reliable and secure electricity network.
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There has been large investments made in a variety of m

electrochemical storage due to its fast response times, | o—

energy-power capacity and lifetimes W
Cathode Anode

Electrochemical storage: Liion, sodium-
halide, hybrid Pb acid, flow batteries (aqueous
and non aqueous) and electrochemical (EC)
hydrogen production Tor| Transpott

Polymer
Separator

Both flow batteries and EC hydrogen production typically Nafion is used as a separator
due to good performance and durability. However, cost is an issue ($250-500/m?)!

Partnering with industry is important to show relevance. From last year meeting in SD,
ARPA-e recipient ProtonOnsite had interest in materials being developed.
Funds-in via Work for Others with ProtonOnsite

—
e



Project ) &=

Membrane

Electrode

Separation of energy and power

Robust battery. Allows for deep
discharge, long life cycles and little _‘ e
capacity fade C—

VRB Proven technology — UniEnergy
plans for 3.5MW of total storage

Several companies looking to
commercialize the technology

U:T UniEnergy
== B Technologies ‘ Watt]oule AUl N POWER SYSTEMS

Cost is focus since current capital costs range between $500-800/kWh
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J. St. John (August 11, 2014) UniEnergy Brings Next-Gen VFB to Commercial Scale. Greentechgrid. http://www.greentechmedia.com
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Cost of VRB VRB capital costs1 ) .
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* New cost model by PNNL. Cost calculated
based on shunt-pumping losses and
delivered power and energy capacity.

BPumps
@ Bipolar plates
QFelt

* Two type of VRB
1. Power intensive: 1 MW/0.25 MWh (Power
guality applications)

Power intensive case

2. Energy intensive: 1 MW/4 MWh (Load
following)

@ Chemicals
@ Separator
|rcs

B Other

@ Pumps
QFelt

 In both scenarios the membrane separator
takes up a significant portion of total cost

@ Bipolar plates

« Nafion™ $250-500/m#% Perfluornated
polymer (primarily C-F)

Energy intensive case

Developing hydrocarbon polymer (C-H) with equal or better performances to Nafion at
a price target of $40/m?

V. Viswanathan, A. Crawford, D. Stephenson, S. Kim, W. Wang, B. Li, G. Coffey, E. Thomsen, G. Graff, P. Balducci, M. Kintner-

Mever. V. Sprenkle: J. Power Sources, 247. 2014. 1040.



Membrane Performance ) =

1st Gen: SDAPP
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1st and 2nd Gen materials show good energy efficiency

A. Pezeshki, C. Sun, Z. Tang, C. Fujimoto, T. Zawodzinski. In preparation



Membrane Durability ) .
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Sun C.; Tang Z., Belcher C Zawodzmsk| T Fuumoto C Electrochem Comm 2014 43 63
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Membrane Durability )

1st Gen: SDAPP O

To improve oxidation resistance,
need to reduce electron density on
the aryl rings

Gen3: Oxidatively stable group [OSG]
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withdrawine Gen4 — Developed this year from lessons
sroup - learned from Gen3. Submitted TA this

year.

We cannot discuss structures yet, but we

Better stability than Gen 1. Submitted TA last will cover initial testing
year, preparing to file patent

Genl Gen3

Genl Gen3
Genl Gen3 Genl Gen3 SDAPP OSG
SDAPP OSG Blank SDAPP ose i SDAPP OSG Blark BlaT
~ T=20 min T=66 min T=22 hr
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Membrane Durability Tang, ORNL (M.
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» Faster V+4 generation = least stable in V*°
« Genl with fastest V™4 concentration increase
« Gen4 reacts over 5 times more stable than Genl or 2

Gen4 samples do show V*4, but significantly better than Gen
1&2
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Orange = pristine  Genl and Gen2 films cracked — discolored
Red Zafter fest after test. Gen4 remained intact
* IR shows new peak growth in Genl after
test. Gen4 show no changes before-after
* Gen4 slightly improved performance
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Industry Interest &, PROTON ).

THE LEADER IN ON SITE GAS GENERATION.

Hydrogen production with zero carbon footprint through electrolysis
Leverage Hydrogen Flexibility for Energy Storage | de- 4e

Heavy interest in Europe for wind
capture and

biogas conversion E

Stranded
Renewable
Power
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Electrolyze:

Alkaline Acid

« “Traditional” water electrolysis is acidic

3.2  Cost of Nafion and precious metal catalysts (Pt and
3.0 4 Ir) drive cost of technology
28 - « Alkaline, basic conditions allow use of non precious
S 264 metal catalysts and lower cost
g - * No stable alkaline separator material available
% 2.2

E—— « Desired lowest voltage for hydrogen production and no
——— Commercial AEM catastrophic failure
T Radel Pob(=ulfond - Radel failed after 500 hrs, commercial AEM failed near
16 _ . . 1 1000 hrs, Sandia (ATM-PP) over 2000 hrs (never
0 500 1000 1500 2000 2500 failed, test halted)

duration (h)

2.0

1.8

Lifetime is very promising, some work needs to be done in lowering operational voltages
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FY14 Accomplishments ) .

" Gen4 significantly improved durability over Gen 1&?2
" Gend VRB performance (EE and VE) are better than Nafion212

= Patent filing on Gen3 and Gen4 soon to follow

Future Tasks

" Long term VRB testing for Gen3 and 4
" Long term ex situ (month) with UV-vis and IR analysis
= Work with industry to promote other electrochemical

technologies to implement Gen3 and 4

Contact: chfujim@sandia.gov
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Although the degraded S-Radel was not fully characterized, study does prove V+5is
a strong enough to oxidize backbone — Can we design polymer backbone to
resistance oxidation
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